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SOLID STATE IMAGING APPARATUS, METHOD FOR DRIVING THE SAME 

AND CAMERA USING THE SAME 

BACKGROUND OF THE INVENTION 

s The present invention relates to a solid state imaging apparatus in which a plurality 

of photoelectric conversion sections are arranged in an array, a method for driving the solid 
state imaging apparatus and a camera using the solid state imaging apparatus. 

FIG. 10 is a diagram illustrating a general circuit configuration for a MOS Type 
image sensor, i.e., a known solid imaging apparatus (e.g., see M. H. White, D. R. Lange, F. 

0 C. Blaha and I. A. Mach, "Characterization of Surface Channel CCD Image Arrays at Low 
Light Levels", IEEE J. Solid-State Circuits, SC-9, pp. 3-13 (1974)). 

As shown in FIG. 10 7 a photoelectric conversion cell includes a. photodiode (PD) 
section 101 3 a transfer transistor 113, a reset transistor 122, a pixel amplifier transistor 123, 
a select transistor 152, a floating diffusion (FD) section 109, a power supply line 131 and 

5 an output signal line 138. 

The PD section 101 of which the anode is grounded is connected to the drain of the 
transfer transistor 113 at the cathode. The source of the transfer transistor 1)3 is connected 
to the respective sources of the FD section 109, the gate of the pixel amplifier transistor 
123 and the source of the reset transistor 122. The gate of the transfer transistor 113 is 

0 connecied to a read-out line 134. The reset transistor 122 which receives a reset signal 137 
at me gate includes a drain connected to the drain of the pixel amplifier transistor 123 and 
the power supply line 131. The source of the pixel amplifier transistor 123 is connected to 
the drain of the select transistor 152. The select transistor 152 receives a selection signal 
SEL at. the gate and includes a source connected to the output signal line 138. 

5 The output signal line 138 is connected to the source of a load gate 125. The gate 
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of the load gate 12S is connected to a load gate line 140 thereof and the drain is connected 
vo a source power supply line 141. 

In this configuration, a predetermined voltage is applied to the load gate line 140 so 
that the load gate 125 becomes a. constant current source, and then the transfer transistor 

5 1 13 is temporarily turned ON to transfer charge photoelectric-converted in the PD section 
101 to the FD section 109. Then, the potential of the PD section 101 is detected by the 
pixel amplifier transistor 123. In this case, by turning the select transistor 152 ON, signal 
charge can be detected through the output signal line .1.38. 

However, in the known solid state apparatus, four transistors U3 : 122, ,123 and 152 

10 and five lines 131, 134, 137, 138 and 150 are required for total in each photoelectric 
conversion cell. Accordingly, the areas of transistor and line sections in a cell are 
increased. For example, if a photoelectric conversion cell is designed, assuming that the 
area of a photoelectric conversion cell is 4.1 u.m x 4.1 urn, with the design rule of 0.35 u.rn, 
the aperture ratio of the PD section 101 to the photoelectric conversion cell is only about 

3.5 5% Therefore, it is difficult to ensure a sufficiently large area of opening of the PD 
section lu.l and also to reduce the size of the photoelectric conversion cell. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the above-described problems and, 
20 to reduce, in a FDA (floating diffusion amplifier) system, the size of a photoelectric 
conversion cell while increasing an aperture area of a photoelectric conversion section. 

To achieve the above-described object, the present invention has been deviced. so 
Thar a configuration in which a transistor and an interconnect can be shared by a plurality 
of photoelectric conversion (PD) sections is used in a solid state imaging apparatus. 
25 Specifically, a first solid sate imaging apparatus includes: a plurality of 
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photoelectric conversion cells each including a plurality of photoelectric sections arranged 
in an array of al least two rows and two columns; a plurality of floating diffusion sections 
each being connected to each of ones of the photoelectric sections which are included in 
the same row of each said photoelectric conversion cell via each of a plurality of transfer 

5 transistors, and being shared by said ones of the photoelectric sections which are included 
in the some row; a plurality of read-out lines each being selectively connected to at least 
two of the transfer transistors, and a plurality of pixel amplifier transistors each detecting 
and ourputling the potential of each said the floating diffusion section. In the apparatus, 
respective charges of the photoelectric conversion sections each being connected to one of 

• j the read-out lines and being read out by the transfer transistors are read out by different 
floating diffusion sections. 

In the first solid imaging apparatus, each said floating diffusion section is shared by 
ones of the photoelectric conversion sections included in the same row, and furthermore, 
respective charges of the photoelectric conversion sections each being connected to one of 

15 the read-out lines and being read out by the transfer transistors are read out by different 
floating diffusion sections. Thus, the number of read-out lines per photoelectric 
conversion cell becomes 0.5. As a result, the aperture ratio of the photoelectric conversion 
sections to the photoelectric conversion cell can be increased and also the size of the 
photoelectric cell can be reduced. 

20 In the first solid state imaging apparatus, it is preferable that each said read-out line 

is connected to a transfer transistor connected to ones of the photoelectric conversion 
sections which are included in the same column. Thus, charges of at. least two of said ones 
of the photoelectric conversion sections which are included in the same column can be 
output through a floating diffusion section, a pixel amplifier transistor and a signal line. 

'25 Moreover, in the first solid state imaging apparatus, it is preferable that wherein 
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each Jaid read-out. line is connected to a transfer transistor connected to ones of the 
photoelectric conversion sections which art; included in two adjacent columns, 
respective. y. Thus, charges of at least two of said ones of the photoelectric conversion 
sections which are included in two adjacent columns, respectively, can be output through a 

5 floating diffusion section, a pixel amplifier transistor and a signal line. 

In the first solid state .imaging apparatus, it is preferable that each said floating 
dirTusion section and each said pixel amplifier transistor are shared by a row which is read 
out by a transfer transistor connected to one of the read-out line and another row which is 
adjacent to the read-out row. 

10 it is preferable that the first solid state imaging apparatus funher includes: a signal 

line for outputting a signal from each said pixel amplifier transistor to the outside; and a 
select transistor which is provided between the pixel amplifier transistor and the signal line 
to selectively conduct between the pixel amplifier transistor and the signal line. Thus, 
charges from one of the photoelectric conversion sections which are included in adjacent 

:> rovvs, respectively, can be detected through a shared signal line. 

In the first, solid state imaging apparatus, it is preferable that each said floating 
diffusion section and each said pixel amplifier transistor are shared by photoelectric 
conversion sections which are adjacent to each other in the row direction or in the column 
direction. Thus, the aperture ratio of the photoelectric conversion sections to the 

2u photoelectric conversion cell can be increased and also the size of the photoelectric cell can 
be reduced. 

In the first solid state imaging apparatus, it is preferable that in each said floating 
diffusion section, a reset section for resetting charge stored in the'floating diffusion section 
is provided. Thus, it is possible to stop, after charge read out from a photoelectric 
25 conversion section has been detected by an amplifier, detection of charge by the pixel 
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amplifier transistor. 

In the first solid state imaging apparatus, it is preferable mat die photoelectric 
conversion sections are arranged so as to be spaced apart from one another by a certain 
distance in the row direction or in the column direction. Thus, a high quality image can be 
5 obtained from signals read out from the photoelectric conversion sections. 

It is preferable that the first solid state imaging apparatus further includes a signal 
processing circuit for processing an output signal from each said pixel amplifier transistor. 
Thus, a high quality image can be obtained. 

In the first solid state imaging apparatus, it is preferable that the photoelectric 
U conversion cells are separated from one another by a power supply line which also 
functions as a light-shielding film. Thus, a power supply line can be formed in a different 
interconnect layer from an interconnect layer in which an ouipul signal line connected to a 
pixel amplifier transistor is formed. Therefore, the size of a. photoelectric conversion cell 
can be further reduced and also the aperture area can be increased, 
i s A method for driving a solid state imaging apparatus according to the present 

inveni.ion is directed lo a method for driving the first solid state imaging apparatus of the 
present invention and includes: a first step of transferring, in each said photoelectric 
conversion cell, by a first read-out line of the read-out. lines, signal charges from ones of 
the photoelectric conversion sections which are not included in the same row but included 
30 in .wo columns adjacent to each other, respectively, to one of the floating diffusion 
sections connected to said ones of the photoelectric conversion sections; and a second si.ep 
of transferring, by a second read-out line of the read-out lines, signal charges from ones of 
the photoelectric conversion sections which have not been read out in r.he first step to the 
same floating diffusion section connected to said ones of the photoelectric conversion 
25 sections as that in the first step. 
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A second solid state imaging apparatus according to the present, invention includes: 
a plurality of photoelectric conversion cells each including a plurality of photoelectric 
sections arranged in an array of at least two rows, a plurality of floating diffusion sections 
each being connected, via. each of a plurality of transfer transistors, to each of ones of the 
5 photoelectric conversion sections which are included in adjacent rows ; respectively, and 
which are included in the same column in each said photoelectric conversion cell, and each 
being shared by said ones of the photoelectric conversion sections; a. plurality of read-out 
lines each being connected to one of the transfer transistors and independently reading out 
charge from each of said ones of the photoelectric conversion sections to each said floating 
10 diffusion section shared by said ones of the photoelectric conversion sections; and a 
plurality of pixel amplifier transistors each detecting and outputting the potential of the 
floating diffusion section. 

In rhe second solid state apparatus, each said floating diffusion section is connected 
to some of the plurality of transfer transistors, is shared by ones of the photoelectric 
15 conversion sections which a.re included in adjacent rows, respectively, and which are 
included in the same. Furthermore, some of the plurality of read-out lines each 
independently reading out charge from each of said ones of the photoelectric conversion 
sections are connected to each said transfer transistor. Thus, a row-select transistor which 
is usually provided is not needed. As a. result, the number of interconnects per 
20 photoelectric conversion section is reduced from 5 to 3.5, Therefore, the area of the 
photoelectric conversion cell itself can be reduced while increasing the area- of the 
photoelectric sections. 

It is preferable that the second solid state imaging apparatus further includes a reset 
transistor for resetting charge stored in each said floating diffusion section and the drain of 
25 the reset transistor is connected to the drain of the pixel amplifier transistor so that a drain 
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is shared by the reset transistor and the pixel amplifier transistor. Thus, an interconnect 
connecting between the drain of the reset transistor and the drain of the pixel amplifier 
transistor can be shared. Accordingly, the number of interconnects per the photoelectric 
conversion cell can be further reduced. 
5 In the second solid state imaging apparatus, it is preferable that each said floating 

diffusion section is arranged between ones of the photoelectric conversion sections which 
are adjacent to each other in the row direction in each said photoelectric conversion cell. 
Thus, the area of floating diffusion sections per photoelectric conversion cell can be 
reduced. 

10 In the second solid state imaging apparatus, it is preferable that each said transfer 

transistor is made of an MIS transistor, and a gate of the MIS transistor is arranged in the 
column direction. Thus, each said the read-out line can be also function as an interconnect 
of a transfer transistor, so that the area of the read-out lines occupying the photoelecrric 
conversion cell can be reduced. 

15 Moreover, in the second solid state imaging apparatus, it is preferable that each said 

pixel amplifier transistor is arranged between rows which include some of the photoelectric 
conversion sections and are adjacent -to each other in each said photoelectric conversion 
cell. Thus, the area of the pixel amplifier transistor per photoelectric conversion eel! can 
be reduced whereas the area of the photoelectric conversion sections can be increased. 

2n Therefore, light sensitivity is increased. 

Moreover, in the second solid state imaging apparatus, it is preferable that each said 
pixel amplifier transistor and each said floating diffusion section are arranged between 
adjacent ones of the read out lines. Thus, an interconnect connecting between the pixel 
amplifier transistor and the floating diffusion section can be shortened^ so that the areas of 

25 the pixel amplifier transistor and the floating diffusion section per photoelecrric conversion 
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cell can be reduced. 

Moreover, in the second solid state imaging apparatus, it is preferable that each said 
pixel amplifier transistor is arranged between ones of the photoelectric cells which are 
adjacent to each other in the column direction. Thus, an opening for each said 
5 phoioelectric conversion section can be formed so as to have a large area extending in the 
row direction. Therefore, even if the size of the cell is reduced, light sensitivity can be 
maintained. 

Moreover, in the second solid state imaging apparatus, it is preferable ihat each said 
transfer transistor is made of an MIS transistor, and each said pixel amplifier transistor is 

jo arrangec between respective gates of the MIS transistor and another MIS transistor. Thus, 
an jmpty region located in an area of the ceil in which a row and a column intersect to 
each other can be utilized. Therefore, the area of the photoelectric conversion sections can 
be increased and t he area of the photoelectric conversion cell itself can be reduced. ■ 

In the case where the second solid state imaging apparatus includes the reset 

15 transistors, it is preferable that each said reset transistor is arranged between, rows which 
include some of the photoelectric conversion sections and are adjacent to each other in 
each saia photoelectric conversion cell. Thus, the area of the reset transistors per 
photoelectric conversion section can be reduced. Therefore, the area of the photoelectric 
conversion sections can be increased and the area of the photoelectric conversion cell itself 

2Q can be reduced. 

Moreover, in the case where the second solid state imaging apparatus includes the 
reset transistors, it is preferable that each said pixel amplifier transistor and the floating 
diffusion section are arranged between adjacent ones of the read out lines. Thus, an 
interconnect between the floating diffusion section can be omitted and the source of the 
it resit transistor and the floating diffusion section can be connected to each other to be 
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shared. Therefore, the areas of the reser transistors and the floating diffusion sections per 

phoiodectric conversion cell can be reduced. 

Moreover, in the case where the second solid state imaging apparatus includes the 

reset transistors, it is preferable that each said reset transistor is connected to a line 
5 arranged between ones of the photoelectric cells which are adjacent to each other in the 

row direct ion. Thus, pitches of the photoelectric sections in. row directions can be matched 

in a simple manner, so that resolution is improved. 

Moreover, in the case where the second solid state imaging apparatus includes the 

reset transistors, it is preferable that each said reset transistor is arranged between ones of 
,u the photoelectric conversion cells which are adjacent to each other in the column direction. 

Thus, an opening for each said photoelectric conversion section can be formed so as to 

have j large area extending in the row direction. Therefore, even if the size of the cell is 

reduced, light sensitivity can be maintained. 

In this case, it is preferable that each said transfer transistor is made of an MIS 
15 transistor, and each said reset transistor is arranged between respective gate of the MIS 

transistor and another MIS transistor. Thus, an empty region located in an area of the cell 

in which a row and a column intersect, to each other can be utilized. Therefore, the area of 

I he photoelectric conversion sections can be increased and the area of the photoelectric 

conversion cell itself can be reduced. 
20 lu the second solid state imaging apparatus, it is preferable that each said floating 

diffusion section is arranged between ones of the photoelectric conversion cells which are 

adjacent to each other in the column direction. Thus, the area of the floating diffusion 

sections per photoelectric conversion cell can be reduced. 

In the second solid state imaging apparatus, it is preferable thai ihe photoelectric 
25 conversion sections are arranged so as to be spaced apart from one another by a certain 

y 
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distance in at leasl one of the row direction and the column direction. Thus, inclination in 
the resolution of an image taken can be corrected. Therefore, a high quality image can be 
obtained. 

In the case where the second solid state imaging apparatus includes the reset 
5 transistors, it is preferable that the line connecting respective drains of the reset transistor 
and the pixel amplifier transistor also functions as a light-shielding film. Thus, the number 
of interconnects per photoelectric conversion cell can be reduced. Therefore, the aiea of 
the photoelectric sections can be increased and the area of the photoelectric conversion cell 
itself can be reduced. 

10 It is preferable that each of the first and second solid state imaging apparatus 

further includes a signal processing circuit for processing an output signal output from 
each said pixel amplifier transistor. Thus, a high resolution image can be obtained. 

A camera according to the present invention includes the first or second solid state 
imaging apparatus of the present invention. Thus, the camera, of the present invention can 

i5 achieve a high resolution image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. .1 is a circuit diagram illustrating an exemplary photoelectric conversion cell 
in a solid state imaging apparatus according to a first, embodiment of the present invention. 
20 FIG. 2 is a timing chart showing timing for driving the solid state imaging 

apparatus of the first embodiment. 

FIG. 3 is a. circuit diagram illustrating an exemplar)' photoelectric conversion cell 
in a solid state imaging apparatus according to a modified example of the first, 
embodiment. 

25 FIG. 4 is a circuit diagram illustrating an. exemplar)' photoelectric conversion cell 
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in a solid state imaging apparatus according to a second embodiment of the present 
invention. 

FIG. 5 is a timing chart showing timing for driving the solid state imaging 
apparatus of t he second embodiment. 
5 FIG. 6 is a circuit diagram illustrating an exemplary photoelectric conversion cell 

in a solid state imaging apparatus according to a third embodiment of the present- 
invention. 

FIG. 7 is a timing chart showing timing for driving the solid state imaging 
apparatus of t he third embodiment, 
in FIG. 8 is a plane view schematically illustrating a layout of the photoelectric 

conversion cell in the solid state imaging apparatus of the third embodiment. 

FIG. 9 is a table showing the aperture ratio of PD sections to a photoelectric 
conversion cell in each of regions A through E of FIG. & where a transistor and the like are 
arranged. 

,5 FIG. 1.0 is a circuit diagram illustrating a photoelectric conversion cell in a known 

solid imaging apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

.iu A first embodiment of the present invention will be described with reference to the 

accompanying drawings. 

FIG. I is a circuit diagram illustrating an exemplary photoelectric conversion cell 
in a solid state imaging apparatus according to the First embodiment of the present 
invention. 

25 As shown in FIG. 1, for example, photoelectric conversion (PD) sections I, 2, 3 
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and 4 each of which is made of a phoiodiode and convens incident light to electric energy 
are arranged in this order in the row direction. Furthermore, PD sections 5, 6, 7 and S are 
arranged in this order in the row direction so that the PD sections 5. 6 ? 1 and S are adjacent 
to the PD sections 1, 2, 3 and 4, respectively, in the column direction. 

Here, in this application, the row direction means to be the direction in which a row 
number increases and the column direction means to be the direction in which a column 
number increases. 

Between the first and 0 th rows (not shown), a first floating diffusion (FD) section 9 
for storing photoelectric-converted charges from the PD sections 1 and S included in the 
first row and PD sections included in the 0 th row is provided. Between the second and 
third rows, a second floating diffusion section 10 for storing photoelectric-convened 
charges from the PD sections 2 and 6 included in the second row and the PD sections 3 and 
7 included in the third row is provided so as to be surrounded by the PD sections 2, 3 7 6 
and 7. Between the fourth and fifth rows (not shown), a third floating diffusion section 1 J 
for storing photoelectric-converted charges from the PD sections 4 and K included in the 
fourth row and PD sections included in the fifth row is provided. In this manner, each of 
the FD sections 9, 10 and I I is shared by four PD sections. 

In this case, a cell including the PD sections 1, 2 ; 5 and 6 is a first photoelectric 
conversion cell 91 and a cell including the PD sections 3, 4, 7 and S is a second 
photoelectric conversion cell 92. 

In the first photoelectric conversion cell 91, a transfer transistor 13 made of an N 
channel FHT for transferring charge from the PD section 1 to the first FD section 9 is 
connected between the PD section 1 included in the first row and the first. FD section 9, 
and a transfer transistor 17 made of an N channel FET for transferring charge from the PD 
section 5 to the first FD section 9 is connected between the PD section 5 and the first FD 
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section 9. 

Moreover, in the first photoelectric conversion cell 91, a transfer transistor 14 made 
of an N channel FET for transferring charges from the PD section 2 to the second FD 
suction 10 is connected between the PD section 2 included in the second row and the 
5 second FD section 10, and a transfer transistor 18 made of an N channel FET for 
transferring charges from the PD section 6 to the second FD section 10 is connected 
between the PD section 6 and the second FD section 10. 

As a characteristic of the first embodiment, the transfer tra nsistor 13 included in the 
first row ;3nd the transfer transistor 14 included in the second row are connected to a. first 
10 read-out (READ) line 32 while the transfer transistor 17 included in the .first row and the 
transfer transistor 18 included in the second row are connected to a second REM) line 33. 

Jn the second photoelectric conversion cell 92, a transfer transistor 1.5 made of an N 
channel FET for transferring charge from the PD section 3 to the second FD section .10 is 
connected between the PD section 3 included in the third row and the second FD section 
Si 10 ; and a transfer transistor 19 made of an N channel FET for transferring charge from the 
PD section 7 to the second FD section 10 is connected between the PD section 7 and the 
second FD section 10. 

Moreover, in the second photoelectric conversion cell 92, a transfer transistor 16 
made of an N channel FET for transferring charges from the PD section 4 to the third FD 
20 section 11 is connected between the PD section 4 included in the fourth row and the third 
FD section 11, and a transfer transistor 20 made of an N channel FET for transferring 
charges from the PD section 8 to the third FD section 11 is connected between the PD 
section 8 and the third FD section LI. 

Also, in this cell, the transfer transistor 15 included in the third row una the transfer 
25 transistor 16 included in the fourth row are connected to the third READ line 34 while the 
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transfer Transistor 19 included in the third row and the transfer transistor 20 are connected 
to the fourth READ line 35. 

To the first. FD section 9, a first reset transistor 21 made of an N channel FET is 
connected. The first reset transistor 21 includes a source connected to the first FD section 
5 9, a drain connected to a photoelectric conversion cell power supply (VDDCELL) line 31 
and a gate connected to a first, reset, pulse (RSCELL) line 36. Thus, charge stored in the 
first FD section 9 is made to flow through the VDDCELL line 31 by a RSCELL signal. 

in the same manner, a second reset transistor 22 made of an N channel FET is 
connected to the second FD section 10. The second reset transistor 22 includes a source 
lu connected to the second FD section 10, a drain connected to the VDDCELL line 31 and a 
iiate connected to a second RSCELL line 37. Note that although not shown in FIG. 1, a 
reset transistor of the same configuration as that of the first reset transistor 21 or the like is 
provided in the third FD section 11. 

To rhe first FD section 9 and the first reset transistor 21, a first pixel amplifier 
15 transistor 23 made of an N channel FET is connected. Trie first; pixel amplifier transistor 
23 includes a gate connected to the first FD section 9, a drain connected to the VDDCELL 
tine 33. and a source connected to a first output signal (VO) line 38. 

In the same manner, a second pixel amplifier transistor 24 made of an N channel 
FET is connected 10 the second FD section 10 and the second reset transistor 22. The 
20 second pixel amplifier transistor 24 includes a gate connected to the second FD section 10, 
a drain connected to the VDDCELL line 31 and a source connected to a second VO line 39. 

The first VO line 3S and the second VO line 39 are connecred to not only the pixel 
amplifier transistors 23 and 24, respectively, but also first and second load transistors 25 
and 26, respectively. Each of the first, and second load transistor 2S and 2i> is made of an N 
25 channel for constituting a source follower amplifier. A load gale (LCCELL) line 411 is 
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connected to each ofthe gates of the first and second load transistors 25 and 26. A source 
power supply (SCLL) line 41 is connected to each of the respective drains of first and 
second load transistors 25 and 26, 

Hereinafter the operation of the solid state imaging apparatus having the above- 

5 described configuration will be described with reference to the accompanying drawings. 

FiG. 2 is a timing chart showing liming for driving the solid state imaging 
apparatus of rhe first embodiment. In this case, a series of operations is completed in a 
horizontal blanking period (- 1 FT). 

Moreover, as for the detection order of signal charges from the PD sections 1 

1U through 8 arranged in an array, detection is simultaneously carried out in the first and 
second rows and then detection is simultaneously carried out in the third and fourth rows. 

As shown in FiG. 2, first, high level voltage is applied i.o the LGCELL line 40 so 
thai, each of the load transistors 25 and 26 becomes a constant current, source, and then 
during a period in which the potential ofthe VDDCELL line 31. is high level, each ofthe 

1 5 RSCELL lines 36 and 37 is set to be a. high level in a pulse state to temporarily turn each of 
the reset transistors 21 and 22 ON. Thus, each of charges stored in the first FD section 9 in 
the first photoelectric conversion cell 91 and in the second FD section 10 in the second 
pnotoeleciric conversion cell 92 is made to flow through the VDDCELL line 31. in this 
case, in each of the pixel amplifier transistors 23 and 24, a signal level ai the reset time is 

:>j) detected, the detected signal level is introduced to a noise cancellation ciicuit (not shown) 
via each of the VO lines 3S and 39. The introduced signal level is clamped by the noise 
cancellation circuit. 

Next, after each of the reset transistor 21 and 22 has been turned OFF high level 
volrage is applied in an pulse state to the first READ line 32 to simultaneously turn transfer 
25 rranslstois 13 and 14 ON. Thus, charge stored in the PD section I. ir. the first, row is 
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transferred 10 the first FD section 9 while charge stored in r.he PD section 2 is transferred to 
iha cp.-nnH section 10. For charges transferred to the first FD section 9 and the second 
FD seciion 10, voltage levels of stored signals are detected in the first pixel amplifier 
transistor 23 and the second pixel amplifier transistor 24, respectively. Furthermore, the 
5 detected voltage levels are introduced to the noise cancellation circuit via the first VO line 
3S and the second VO line 39, respectively. Thus, sampling of each of the signals is 
performed by the noise cancellation circuit. By this series of operations, output ' signals 
from which variations in threshold and noise components have been removed and which 
are held by !he pixel amplifier transistors 23 and 24 can be detected, 
it Subsequently, when the VDDCELL line 31 is turned to be in a low level OFF state 

ana each of the RSCELL lines 36 and 37 is temporarily turned ON, each of the respective 
potentials of the FD sections 9 and 10 becomes in the same OFF level state as that of the 
VDDCELL line 31. Thus, each of the pixel amplifier transistors 23 and 24 stops its 
operation. 

15 After this, in a vertical line scanning circuit, until each of the first RSCELL -lines 36 

and 37 and the first READ line 32 are selected, each of the pixel amplifier transistors 23 
ana 24 is not operated and thus the vertical line scanning circuit is in a non-select state. 

In a subsequent horizontal blanking period 2H, each of the reset transistors 21 and 
22 is temporarily turned ON to reset charges of FD sections 9 and 10, In this case, as has 

20 been described, in each of the pixel amplifier transistors 23 and 24, a signal level at a reset 
lime is detected, the detected signal levels are introduced to the noise cancellation circuit 
via each of the VO lines 38 and 39, respecti vely. The introduced signal levels are clamped 
by the noise cancellation circuit. 

Next, after each of the reset transistor 21 and 22 has been turned OFF, high level 

2:< voltage is applied in an pulse state to the second READ line 33 to simultaneously turn 
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transfer transistors 17 and 18 ON. Thus, charge stored in the PD section 5 in the first row 
is transferred to the first FD section 9 while charge stored in the PD section 6 in the second 
row is transferred to the second FD section 10. 

Thereafter, in the same manner as in the first horizontal blanking period 1H, for 

5 respective charges transferred to the first FD section 9 and the second FD section 10, 
voltage levels of stored signals are detected in the first pixel amplifier transistor 23 and the 
second pixel amplifier transistor 24, respectively. Furthermore, the detected voltage levels 
are introduced to the noise cancellation circuit via the first VO line 3S and the second VO 
line ;>9, respectively. Thus, sampling of each of the signals is performed by the noise 

Lu cancellation circuit. By this series of operations, output signals from wkicn variations in 
threshold and noise components have been removed and which are held by the pixel 
amplifier transistors 23 and 24 can be detected. 

[n this manner, charges detected during the first horizontal blanking period 1H and 
charges detected during the second horizontal blanking period 2FT are processed in signal 

15 processing circuits (not shown), respectively, so that charges photoelectric-concerted in the 
first j.nd second rows can be detected as an image corresponding to actual positions of the 
charges. 

Subsequently, by driving the PD sections in the third a.nd fourth rows in the same 
manner as that of driving the PD sections in the first and second rows, signals can be 
20 detected throughout the array. 

Note that in the first embodiment, the circuit configuration and driving method in 
vtfhich after every second column, i.e., every odd-numbered column including the PD 
sections I and 2 have been rea.d out, charges in every even-numbered column including the 
PD sections 5 and 6 are detected have been described. However this embodiment is not 
25 limit rd thereto but READ lines can be increased to detect charge in every third column at 
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the same timing as described above. 

In the solid state imaging apparatus of the first embodiment, as shown in the circuit 
configuration of FIG. 1, for example, four PD sections share a FD section, a pixel amplifier 
transistor and a reset transistor. Thus, the number of transistors per photoelectric 

5 conversion cell can be finally reduced from 4 (required in the known solid state imaging 
apparatus) to 1.5. The number of interconnects can be reduced from 5 (required in the 
know:, solid state imaging apparatus) to 2.5. For example, if a photoelectric conversion 
cell is designed, assuming that the area of a photoelectric conversion cell is 4.1 jxm x 4.1 
urn, with the design rule of 0.35 urn, the aperture ratio of PD sections to the photoelectric 

ju conversion cell is about 35%. Therefore, it is possible to reduce The cell sizes of the 
photoelectric conversion cells 91 and 92 and to largely increase the aperture ratio of the PD 
section at. the same time. 

In this connection, assume that a configuration in which signal charges from two 
photoelectric conversion sections included in adjacent rows arc detected by a READ line at 

15 the same timing is applied to the known circuit configuration. If a photoelectric 
conversion cell is designed, assuming that the area of a photoelectric conversion cell is 4.1 
!.uti x 4.1 u.m, with the design rule of 0.35 urn, the aperture ratio of PD sections is about 
10%. 

Moreover, assume that a configuration in which signal charges from two 
20 photoelectric conversion sections included in adjacent rows are read out by a READ line, 
and a FD section and a pixel amplifier transistor included in a row which adjacent to an 
unread row in a photoelectric conversion cell are shared by two photoelectric sections to 
detect signal charge is applied to the known circuit configuration. With ;» driving method 
in which signal charges are simultaneously detected in the two photoelectric conversion 
25 sections, for example, if a photoelectric conversion cell is designed, assuming that the area 

J 8 
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of a photoelectric conversion cell is 4.1 u.m x 4.1 urn, with the design rule of 0.3 5 urn, the 
aperture raiio of PD sections is about 15%. 

(Modified Exa mple of First Embodiment ) 
5 FIG. 3 is a diagram illustrating a circuit configuration of a photoelectric conversion 

cell in a. solid slate imaging apparatus according to a. modified example of the first 
embodiment, of the present invention. Also, in this modified example, each member also 
shown in FIG. 1 is identified by the same reference .numeral, and therefore, description 
theieof be omitted. 

U, As shown in FIG. 3 3 for example, in the first photoelectric conversion cell 91, the 

first READ line 32 is connected to the transfer transistor 13 and the transfer transistor 18 
included in adjacent, columns, respectively, while the second READ line 33 is connected to 
the transfer transistor 14 and the transfer transistor 17 included in adjacent columns, 
respectively. Thus, even if connections are made with respect to the PD sections 1, 2, 5 

15 and 6 included in two adjacent rows with the first and second READ lines 32 and 33 
interposed between The PD sections 1 and 5 and the PD sections 2 and 6 so that signal 
charges from the PD sections which are not included in the same columns are transferred, 
charge can be detected at the same timing as that shown in FIG. 2. 

For example, when the first READ line 32 is temporarily turned ON, signal charge 

20 is transferred from the PD section 1 to the first FD section 9 via the transfer transistor 13 
anc, at [he same time T signal charge is transferred from the PD section C lo the second FD 
section IM via the transfer transistor 18. 

Note that in the modified example of the first embodiment, signal charges from two 
of the four PD sections included in a photoelectric conversion cell 91 are read out during 

25 the horizontal blanking period 1 H. However, instead of this, signal charges from all of the 
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four PD sections may be read out. 

Moreover by performing signal processing to signal charges from all of the 
photoelectric conversion cells which have been read out during different horizontal 
blanking periods, a high quality image with a large number of pixels can be obtained. 

5 

(Second Embodiment) 

Hereinafter, a second embodiment of the present invention will be described with 
reference to the accompanying drawings. 

FIG. 4 is a diagram illustrating an example of circuit configuration of a 
10 photoelectric conversion cell in a solid state imaging apparatus according to a second 
embodiment of the present invention. In FIG. 4, each member also shown in FIG. 1 is 
identified by the same reference numeral, and therefore, description thereof will be omitted. 

First, differences of the solid stale imaging apparatus of FIG. 4 from that of the first 
embodiment shown in FIG. 1 will be described. 
15 In the second embodiment, an configuration in which the first and second pixel 

amplifier transistors 23 and 24 are connected to the first and second output signal (VO) 
lines 3tf and 39, respectively, via the first and second select transistors 52 and 53 each of 
vhicn miide of an N channel FET 7 respectively, is used. 

To the respective gates of rhe first and second select, transistors 52 and S3 ? first and 
20 second select (SO) lines 50 and 51 to which a switching pulse is applied are connected, 
respectively. 

Hereinafter, the operation of the solid state imaging apparatus having the above- 
described configuration will be described with reference to the accompanying drawings. 

FIG. 5 is a timing chart showing timing for driving the solid state Imaging 
;»3 apparatus of the second embodiment. In this case, a series of operations is completed in a 
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horizontal blanking period (= 1 H). 

As shown in FIG. 5 ; first, a predetermined voltage is applied to the LGCELL line 
40 so Thai, each of the load transistors 25 and 26 becomes a constant current source and the 
potential of the VDDCELL line 31 is set. to be a high level. Subsequently, each of the 

5 RSCELL lines 36 and 37 is set to be a high level in a pulse state to temporarily cum each of 
the reset transistors 21 and 22 ON. Thus, each of charges stored in the first FD section 9 
and in the second FD section ]0 is made to flow through the VDDCELL line 31. In this 
case, in each of the pixel amplifier transistors 23 and 24 7 each of the select transistors 52 
and 53 has been turned ON in advance, so that a signal level at a reset, time is detected, the 

if; der.ecr.ed signal level is introduced to a noise cancellation circuit (not shown) via each of 
ihe V'O lines 38 and 39. The introduced signal level is clamped by the noise cancellation 
circuit'. 

Next, after each of the reset transistor 2] and 22 has been turned OFF, high level 
voltage is applied in an pulse state to the first READ line 32 to simultaneously rum transfer 

15 transistors 13 and 14 ON. Thus, charge stored in the PD section 1 in the first row is 
transferred to the first. FD section 9 while charge stored in the PD section 2 is transferred to 
the second FD section 10. Thereafter, for charges transferred to the fust FD section 9 and 
ihe second FD section 10, voltage levels of stored signals are detected in the first pixel 
amplifier transistor 23 and the second pixel amplifier transistor 24, respectively. 

20 Subsequently, by changing each of the first and second SO lines 5U and 51 to a high 

level to keep the first and second transistors 52 and 53 ON, stored charge signals of the 
first pixel amplifier transistor 23 and the second pixel amplifier transistor 24 are introduced 
to the noise cancellation circuit via the first VO line 38 and the second VO line 39, 
respectively. Thus, sampling of each of the signals is performed by the noise cancellation 

>5 circuit. 
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Thereafter, each of the first and second SO lines 50 and 51 is set back to be a low 
level to turn the first and second select transistors 52 and 53 OFF, so that each of the pixel 
amplifier transistors 23 and 24 stops its operation. 

After this, in a vertical line scanning circuit, until each of the first RSCELL l.ines 36 
5 and 37 and the first READ line 32 is selected, each of the pixel amplifier transistors 23 and 
24 is not operated. Thus., the vertical line scanning circuit becomes in a non-select state, 

In a subsequent horizontal blanking period 2H, each of ^he reset, irar.sistors 21 and 
22 is lemporarily turned ON to reset charges of the FD sections 9 and 10. In this case, as 
has bw-en described, in each of the pixel amplifier transistors 23 and 24, a signal level at the 
lo reset time is detected, the detected signal levels, are introduced to the noi.se cancellation 
circuit via each of the VO lines 38 and 39, respectively. The introduced signal levels are 
clamped by the noise cancellation circuit. 

Next, after each of the reset transistor 21 and 22 has been turned OFF, high level 
voltage is applied in an pulse state 10 the second READ line 33 to simultaneously turn 
15 transfer transistors 17 and 18 ON. Thus, charge stored in the PD section 5 in the first row 
is transferred to the first FD section 9 while charge stored in the PD section 6 in the second 
row is transferred to the second FD section 10. 

Tnereafter, in the same manner as in the first horizontal blanking period 1H, for 
respective charges transferred to the first FD section 9 and the second FD section 10, 
20 voltage levels of stored signals are detected in the first pixel amplifier transistor 23 and the 
second pixel amplifier transistor 24, respectively. Furthermore, the stored signals whose 
voltage level have been detected selectively conducts the first and second VO lines 3£> and 
39 and are introduced to the noise cancellation circuit. Then; sampling of each of the 
signals is performed by the noise cancellation circuit. By this series of operations, output 
25 signals from which variations in threshold and noise components have been i amoved and 



22 



:;H !'i=:(h x ^:MC1)KKMUTT S£H: MAhDA PATKNT tKrli:.: :-::( iii! 

which are held by the pixel amplifier transistors 23 and 24 can be detected. 

Thus, with the first and second select transistors 52 and 53 between the FD section 

9 and the first VO line 38 and between the FD section 10 and the second VO line 39 : 

respectively. Thus, the number of transistors per photoelectric conversion cell is 1.75. 
5 Moreover, the number of interconnects is 2.75. Therefore, it is possible to reduce the cell 

size of each of the photoelectric conversion cells 91 and 92 and also to largely improve the 

aperture ratio of PD sections. 

Note that also in the second embodiment, as in the modified example of the first 

embodiment, for example, a configuration in which the transfer transistor 13 and the 
]() transfer transistor 18 located diagonally to the transfer transistor 13 are connected to the 

first READ line 32 3 and the transfer transistor 14 and the transfer transistor 17 located 

diagonally to the transfer transistor 14 are connected to the second READ line. 33 may be 

use J. 

Moreover, in the photoelectric conversion cell 9'i_the PD sections are arranged in 
IS iwo rows and two columns. However, the present invention is not limited mereto, but the 
PD sections may be arranged in two rows and three columns and, furthermore, may be 
arranged in three or more rows and three or more columns. 

(Third Embodiment) 

20 Hereinafter, a third embodiment of the present invention will be described with 

reference, to the accompanying drawings. 

FIG. C is a diagram illustrating an example of circuit configuration of a 
photoelectric conversion cell in a solid state imaging apparatus according to n r.hird 
emoodirncnt of the present invention. In FIG. 6, each member also shown in FICr. I is 

25 identified oy the same reference numeral, and therefore, description thereof will be omitted. 
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As shown in FIG. 6, in the solid stare imaging apparatus of the third embodiment, 
first through fourth photoelectric conversion celts 91, 92, 93 and 94 are arranged in a 
matrix. 

For example, the first photoelectric conversion cell 91 includes photoelectric 

5 conversion (PD) sections 1 and 2 arranged in regions which is located in the first column 
of an array and the first row and which is located in the first column of and (he second 
rows of the array, respectively. The PD sections I and 2 share a first FD section 9 via 
transfer transistors 13 and 14 each of which is made of anN channel FET, respectively. 

To the first FD section 9 3 the first reset transistor 21 made of an N channel FET is 

10 connected. The first reset transistor 21 includes a source connected to the first FD section 
9, -a drain connected to the first FD section 9 and a gate connected to a first RSCELL line 
36. Thus, charge stored in the first FD section 9 is made to flow through a first VDDCELL 
line 30 by a RSCELL signal. 

To rhe first FD section 9 and the first reset transistor 21, a first pixel amplifier 

1_S transistor 23 of an N channel FET is connected. The first pixel amplifier transistor made 
of an N channel FET includes a gate connected to the first FD section 9, a drain connected 
to i he first VDDCELL line 30 and a source connected to a first VO line 38. 

In the same manner, PD sections 3 and 4 arranged in regions of an array forming a 
.second photoelectric conversion cell 92 which is located in the first column and the third 

20 row and which is located in the first column and the fourth row, respectively, . share a 
second FD section 10 via transfer transistors 15 and 16, respectively. A second reset 
transistor 22 selectively conducts the second FD section 10 and the first VDDCELL line 30. 
Moreover, a second pixel amplifier transistor 24 which receives the signal potential of the 
second FD section 10 at the gate and receives the power supply potential of the first 

25 VDDCELL line 30 at the drain outputs a detected signal corresponding to a iec.eived siun:il 
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potential to the first VO line 38. 

PD sections 5 and 6 arranged in regions of an array forming a third photoelectric 
conversion cell 93 which is located in the second column and the first row and which is 
located in the second column and the second row, respectively, share a third FD section 11 

5 via transfer transistors 17 and IS, respectively. A third reset transistor 61 selectively 
conducts the third FD section 11 and a second VDDCELL line 31. Moreover, a third pixel 
amplifier transistor 63 which receives the signal potential of the rhird FD section 11 at the 
gate 5,nc receives the power supply potential of the second VDDCELL line 31 at the drain 
outputs a detected signal corresponding to a received signal poiential to a second VO line 

10 39. 

PD sections 7 and X arranged in regions of an array forming a fourth photoelectric 
conversion cell 94 which is located in the second column and the third row and which is 
located in the second column and the fourth row, respectively, share a fourth FD section 12 
via transfer transistors 19 and 20, respectively. A fourth reset transistor 62 selectively 
13 conduct* ihe fourth FD section 12 and a second VDDCELL line 31. Moreover, a fourth 
pixel amplifier transistor 64 which receives the signal potential of the fourth FD section 12 
eu the gate and receives the power supply potential of the second VDDCELL I.ne 31 at the 
drain outputs a detected signal corresponding to a received signal potential to a second VO 
line 39. 

20 Hereinafter, the operation of the solid state imaging apparatus having the above- 

described configuration will be described with reference to the accompanying drawings. 

FIG. 7 is a timing chart showing timing for driving the solid state imaging 
apparatus of the third embodiment. In this case, a seiics of operations is completed .m a 
horizontal blanking period (= I H). 

25 Moreover, as for the detection order of signal charges from the PD sections 1. 
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through $ arranged in an array, detection is carried out sequentially from the first row to 
the second row and so on. 

As shown in FIG. 1, first, high level voltage is applied to a LGCELL line 40 so that 
each of the load transistors 25 and 26 becomes a constant current source, and then during a 
period in which the potentials of the first VDDCELL line 30 and the VDDCELL line 31 
are sei to be high level, the first RSCELL lines 36 is set to be high level in a pulse state to 
temporarily turn each of the reset transistors 21 and 61 ON. Thus, chaiges siored in the 
first FD section 9 in the first photoelectric conversion cell 91 anc in the third F.D section U 
in tne third photoelectric conversion cell 93 are made to flow through the first VDDCELL 
line 30 and the VDDCELL line 31, respectively. In this case, in each of the pixel amplifier 
transistors 23 and 63, a signal level at the reset time is detected, the detected signal level is 
introduced to a noise cancellation circuit (not shown) via each of the VO lines 38 and 39. 
The introduced signal level is clamped by the noise cancellation circuit. 

Next, after each of the reset transistor 21 and 61 has been turned OFF 5 high level 
voltage is applied in an pulse state to the first READ line 32 to simultaneously rum transfer 
transistors 13 and L4 ON Thus, charge siored in the PD section 1 in the first row is 
transferred to the first FD section 9 while charge stored in the PD section 5 in the second 
row is transferred to the third FD section 11 . For charges transferred to the first FD section 
9 and the third FD section 11, voltage levels of stored signals are detected in the first pixel 
amplifier transistor 23 and the third pixel amplifier transistor 63, respectively. Furthermore, 
lhe detected voltage levels are introduced to the noise cancellation circuit via the first VO 
line 3K and the second VO line 39, respectively. Thus, sampling of each of the signals is 
performed by the noise cancellation circuit. By this series of operations, outpui signals 
from which variations in threshold and noise components have been removed and which 
are hdd by the, pixel amplifier transistors 23 a.nd 63 can be detected. 
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Subsequently, when each of the VDDCELL lines 30 and 31 is turned to be in a low 
level OFF state and the first RSCELL line 36 is temporarily turned ON, each of the 
respective potentials of the FD sections 9 and 11 becomes in the same OFF level state as 
that, of each of the VDDCELL lines 30 and 31. Then, each of the pixel amplifier 

:i transistors 23 and 63 stops its operation. 

After this, in a vertical line scanning circuit, until each of the first jvSCE'LL-line 36 
and the first READ line 32 are selected, each of the pixel amplifier transistors 23 and 63 is 
not opeiased. Thus, the vertical line scanning circuit becomes in a non-select state. 

In a subsequent horizontal blanking period 2H, each of the reset transistors 21 and 

10 61 is temporarily turned ON to reset charges of the FD sections 9 and 11. In this case, as 
has been described, in each of the pixel amplifier transistors 23 and 63, a signal level at the 
reset time is detected, detected signal levels are introduced to the noise cancellation circuit 
via each of the VO lines 38 and 39, respectively. The introduced signal levels are damped 
by the noise cancellation circuit. 

.5 "Next, after each, of the reset transistor 21 and 61 has bee turned OFF, high level 

voltage is applied in an pulse state to the second READ line 33 to simultaneously turn 
transfer transistors I A and 18 ON. Thus, charge stored in the PD section 2 in the first row 
is transferred to the first FD section 9 while charge stored in the PD section 6 in the second 
row is transferred to the third FD section 11. 

::0 Tnereafler, in the same manner as in the first horizontal blanking period lfl, for 

respective charges transferred to the first FD section 9 and the third FD section II, voltage 
levels of stored signals are detected in the first pixel amplifier transistor 23 and the third 
pixel amplifier transistor 63, respectively. Furthermore, the detected voltage levels are 
introduced to the noise cancellation circuit via the first VO line 38 and the- second VO line 

25 159. respectively. Thus, sampling of each of the signals is performed by the noise 
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cancellation circuit. By this series of operations, output signals from which variations in 
threshold and noise components have been removed - and which are held by ihe pixel 
amplifier transistors 23 and 63 can be detected 

In this manner, charges detected during the first horizontal blanking period 1H and 

5 charges detected during the second horizontal blanking period 2H are processed in signal 
processing circuits (not shown), respectively, so that charges photoelectric-converted in the 
first and second rows can be detected as an image corresponding to actual positions of the 
charges. Thus, in the third embodiment, for example, the power supply potentials which 
are to be applied to the respective drains of the first reset transistor 21 and the first pixel 

10 amplifier transistor 23 vary in the same manner. Therefore, the known row selection 
transistor 152 is not necessarily provided. 

Subsequently, if the PD sections in rhe third and fourth rows are driven in the same 
manner as that, of driving the PD sections in the first and second rows, signals can be 
detected throughout ihe array. 

15 As has been described, the solid state imaging apparatus of the third embodiment 

has, for example, a configuration in which the two PD sections 1 and 2 share the first FD 
section 9 5 the first pixel amplifier transistor 23 and the first reset transistor 21. Thus, the 
number of transistors per photoelectric conversion cell can be finally reduced from A 
(required in the known solid state imaging apparatus) to 2. Moreover, the number of 

20 interconnects can be reduced from 5 (required in the known apparatus) to 3.5. Accordingly, 
if a photoelectric conversion cell is designed, assuming that the area of a photoelectric 
conversion cell is 4.1 u.m x 4.1 pm, with the design rule of 0.35 urn, the aperture ratio of 
the PD sections i and 2 is about 30%. Therefore, it is possible to reduce the cell si,:e of 
each of the photoelectric conversion cells and also to largely improve the aperture ratio of 

25 the PD section. 
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Note that each of the reset transistors 21, 22, 61 and 62 is made of an N channel 
type MOS transistor. However, in each of the reset transistors 21, 22, 61 and 62 made of, 
instead of an iN channel type MOS transistor, a P channel type MOS transistor, when low 
level voltage is applied to the first and second RSCELL lines 3d and 37, each of the reset. 

5 transistors 21. 22, 6j and 62 is turned ON. 

In the same manner, each of the pixel amplifier transistors 23, 24 ? 63 and 64 is 
made of an N channel type MOS transistor. However, in each of the pixel amplifier 
transistors 23, 24, 63 and 6-1 made of, instead of an N channel type MOS transistor, a P 
channel type MOS transistor, when low level voltage is applied to the first and second 

10 VDDVELL lines 30 and 31, each of the pixel amplifier transistors 23, 24.. 63 and 64 is 
turned ON to be in a potential detection period in which signal potentials from the 
corresponding FD sections 9, 10, 11 and 12 are detected. 

Hereinafter, in the layout in which each of the PD sections 1 7 2, 3, 5 7 6 and 7 
arranged as shown in FIG. 8, a region of the cell located between the PD sections 1 and 2 

i5 is referred to as an "A region"; a region of the cell surrounded by the PD sections 1. 2, 5 
anc C is referred to as a "B region"; a region of the cell located between the PD sections 5 
and 6 is referred to as a "C region"; a region of the cell located between the PD sections 2 
and 6 is referred to as a "D region"; and a region of the cell located between the PD 
sections x and 5 is referred to as an "E region". Then, by arranging the FD sections l J and 

>i) 11, the pixel amplifier transistors 23 and 63, and the reset transistors 21 and 61 in regions 
in the cell indicated in the FJG. 9. respectively, the aperture ratio of the PD sections to the 
photoelectric conversion cell can be improved in any case ; compared to the known solid 
slate imaging apparatus. Moreover, the size of the cell can be reduced. 

Furthermore, as also shown in FIG. 9. if the FD sections 9 and 1 I are a/ranged in 

.15 the A and C regions, respectively, the aperture of the PD sections can be improved ;o be 
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about 30% by arranging in parallel the READ lines 32 and 33 for driving the transfer 
transistors J 3 and I4 7 respectively. 

Moreover, as shown in FIG. 9, for example, the aperture of the PD sections can be 
improved to be about 30% by arranging the first RSCELL line 36 between the PD sections 
2 and 3. 

Moreover as shown in FIG. S ; by arranging the PD sections so as to be spaced 
apart from one another by a certain distance at least in one of the row direction and the 
column ejection, inclination in the resolution of an image taken can be corrected. 
Therefore, a high quality image can be obtained. 

Moreover, although not shown in the drawings, by using the first VDDCELL line 
JO and the second VDDCELL line 31 as light-shielding films for separating the 
photoelectric conversion ceils from one another, the first VQ line 3S and the second VO 
line 39 can be formed in different interconnect layers. Thus, the sizes of the photoelectric 
conversion cells 91 and 92 can be reduced and also the aperture area of the. PD sections can 
be increased. 

Moreover, with the solid state imaging apparatus of any one of the first through 
third embodiments, a. camera which is small-sized and provides a. high resolution image 
can be obtained. 
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